Induction heating technique is an innovative asphalt pavement maintenance method that is applied to 15 inductive asphalt concrete mixes in order to prevent the formation of macro-cracks by increasing locally the 16 temperature of asphalt. The development of asphalt mixes with improved electrical and thermal properties is 17 crucial in terms of producing induction healed mixes. This paper studies the induction healing capacity of 18 asphalt mixes without aggregates as the part of asphalt concrete where inductive particles are dispersed 19 notably contributing to the final response of asphalt pavements. Special attention was given to the 20 characterization of inductive asphalt mixes using experimental techniques and numerical methods. The 21 research reported in this paper is divided into two parts. In the first part, the impact of iron powder as filler-22 sized inductive particle on the rheological performance of asphalt-filler systems was studied. The mechanical 23 response, the induction heating and healing capacity of asphalt mortar by adding iron powder and steel fibers 24 was evaluated as well. In the second part, the utilization of advanced finite-element analyses for the 25 assessment of the induction heating potential of inductive asphalt mortar with steel fibers are presented. The 26 influential factors of induction mechanism in asphalt mixes are also described. The experimental and 27 numerical findings of this research provided an optimization method for the design of induction healed asphalt 28 concrete mixes and the development of necessary equipment that will enable the implementation of induction 29 technology for healing of asphalt concrete mixes. 30 31
pavements (9-13).
48
The induction heating technique has been used as a maintenance technique for asphalt pavements in with the electrodes, the short ends of specimen are cut by 1mm and a very thin silver paste was glued at both 183 ends. The electrodes were made of copper, placed at both sides and the electrical volumetric resistance was 184 measured using a digital multimeter. In the experimental measurements, the electric field and the contact 185 resistance between the electrodes and the mix was considered constant and zero respectively.
186
The geometry and the electrical resistivity of the inductive asphalt mastic and mortar are the only 187 parameters that influence the electrical resistance. The difference in potential value between the electrodes 188 and their total charge do not play a role for this material property. Therefore, the electrical resistivity was 189 obtained from the second Ohm's law as follows:
where ρ is the electrical resistivity, measured in Ωmm, L is the internal electrode distance, measured in mm,
193
S is the electrode conductive area measured in mm 2 and R is the measured resistance, in Ω.
194
Thermal conductivity measurements were performed by using the C-Therm TCi thermal analyzer, Fig. 2 
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where q is the heat flux (the amount of thermal energy flowing through a unit area per unit time), ⁄ is the 204 temperature gradient and k is the coefficient of thermal conductivity, often called thermal conductivity. The
205
heating, reading and cooling process was repeated 6 times per specimen to obtain an average of the 206 reading. For both electrical and thermal measurement, three replicas were used.
208
2.5 Mechanical performance
210
In order to investigate the impact of inductive particles on the mechanical properties of the asphalt mortar, 211 direct monotonic tensile tests were carried out. A 25 kN electro-hydraulic servo testing machine was used 212 and the monotonic tension tests with freely rotating hinges were performed on specimen from inductive 213 asphalt mortar. In order to reduce undesired eccentricities, the specimen were carefully positioned in the 214 special designed steel hinges. Furthermore, the inductive asphalt mortar specimen had a parabolic geometry, 
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The induction healing performance was evaluated by using the relation given below:
where F 0 is the fracture force of the sample during a three point bending test, and F i is the fracture force after for induction heating. Addition of inductive fibers is much more effective than to add inductive filler-sized 248 particles (11) and also the volume of these and binder influences the induction heating efficiency (13). Also, it 249 has been observed that the thermal and the electrical conductivity as well as the induction heating efficiency 
268
The High-resolution X-ray CT is a completely non-destructive technique for visualizing features in the 269 interior of opaque solid objects, and for obtaining digital information on their 3D geometries and properties.
270
By the X-ray CT technology, the different densities of individual components (e.g., sand, filler, air voids and 271 bitumen) in the asphalt mortar can be distinguished by the gray levels in a CT slice.
272
Simpleware software (27) 283 284
where j denotes the imaginary unit, ω the angular frequency of the harmonic current, σ is the effective 286 electrical conductivity, ε 0 is the electric permittivity of vacuum (8.854•10 -12 As/Vm), ε r is the relative electric 287 permittivity, μ 0 is the magnetic permeability of vacuum (4π•10 -7 Vs/Am) and μ r is the relative permeability. where I coil denotes the flowing current of the coil.
293
Finally, the heating equation governed by the Fourier heat transfer equation is defined by:
294 295
where ρ is the density, c p is the specific heat capacity, k is the thermal conductivity, T is the temperature and 297 Q is the energy generated in the asphalt mixture per unit volume and time.
298
For the assessment of the influence of induction coil operational conditions on the induction heating 
309
In order to make the asphalt mortar inductive, it was assumed that 6% of steel fibers was added into the The surface micro-morphology of asphalt mastic with iron powder is presented in Fig. 7 .a. The different 325 inductive asphalt mastics with different amounts of iron powder as described in Table 1 are 
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The asphalt mastic without adding iron powder is obviously much stiffer than the inductive mastics 349 produced after replacing mineral filler with iron powder . From Fig. 8.a it can be seen that the complex 350 modulus of mastic F100.P50 is significantly higher than the mastic F50.P50 which has the same amount of The electrical resistivity of asphalt mastic decreases with increasing iron powder content with or without 365 replacing an equivalent proportion of mineral filler, Fig. 9. In Fig. 9 .a, a reduction of the electrical resistivity is 366 observed when iron powder is mixed proportionally within the asphalt mastic by substituting mineral filler.
367
Moreover, Fig. 9.b shows that the resistivity was also reduced after adding extra iron powder into the asphalt 
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Additionally, the thermal conductivity of asphalt mastics produced, with and without substituting part of the 374 mineral filler with iron powder, are presented in Fig. 9 . It was found that the thermal conductivity of asphalt 375 mastic increased after adding iron powder. The resulting increase is due to the thermal properties of iron 376 which is added into the mastic. It is known that the thermal conductivity of iron powder is considerably higher The induction healing efficiency of asphalt mortar with steel fibers is presented in Fig. 15.a 
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3D images of the asphalt mortars with different steel fibers contents are presented in Fig. 16 and their 485 effective electrical and thermal conductivities are determined numerically and given in Fig. 17 .
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The results in Fig. 17 indicate that the electrical conductivity of the asphalt mortar increased with 487 increasing the content of steel fiber. As it can be noticed, the electrical conductivity of the asphalt mortar 
